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(57) Abstract: A stent is described comprising a unit cell having a negative spring rate and a bistable function. The unit cell com- 
prises first and second segments, the first segment being more rigid than the second segment. The second segment is coupled to the 
first segment, and the first segment comprises a substantially fixed sinusoidal shape. In the contracted state, the second segment is 
held stable in a sinusoidal shape, but when a force is applied the second segment bends out to a stable, convex-shaped deployed state. 
The. second segments withstand the application of radial forces in the convex-shaped deployed state, and diametral recoil of the stent 
is minimized. 
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APPARATUS FOR A STENT OR OTHER MEDIECAL DEVICE 
HAVING A BISTABLE SPRING CONSTRUCTION 



Field of the Invention 

[0002] The present in-vention relates tzo stentS;, and 
5 more par^ticularly, to a uinit cell of a stent that is 

configured to snap between contracted ancd deployed states 
using a first relatively rigid segment coupled to a 
second relatively flexiblLe segment. 

10 Background of the Invent iLon 

[0003] There are seveoral kinds of stents on the market 
with either balloon expandable or self- expanding 
function. . Balloon expandable stents are generally made 
from a material that can easily be plastically deformed 

15 into two directions- BeiCore insertion, the stent is 

placed around the balloon section at the distal end of a 
catheter and pressed .together to reduce the outer 
dimensions. 

[0004] When the stent is delivered into the body in a 
20 desired location, it is expanded and theareby plastically 

deformed to a larger diameter by inflating the balloon. 

Once expanded, the stent supports the su3rrounding tissue 
. and prev^ents at least looal narrowing of .the vessel. 

[0005] Such plasticaliy deformable stents need to have 

25 sufficient rigidity in tlie radial directiion, but also 
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some flexibility in the axial ciirection to enalble 
delivery throug-h tortuous anatomy. Furthermore, the 
amount of matex-ial should be as small as" possilble and the 
inner surface of the stent should not obstruct the flow 
5 . through the channel (e.g.;- for blood) or cause too much 
turbulence . 

[0006] Problems that generally occur after stent 
implantation Six:e several: Aftejc crimping the s*t:ent onto 
the balloon of the delivery ca-fcheter, the steni: 

10 experiences some elastic recoil to a slightly larger 

diameter, whicln can cause problems, e.g., snagging, when 
the catheter is advanced through the patient' s 
vasculature. In addition,' the engagement forces between 
the balloon and stent can become so small that the' stent 

15 slips off the oatheter. Moreo-ver, a large stennt delivery 
profile reduces the number of situations in which the 
stent can be used. 

[0007] Anottaer problem with balloon expandalble stents 
is recoil of ttiese stents aftenr deployment- lici this 

20 case, after exE^ansion by the bslloon of the delivery 

catheter, the stent outer diameter will shrink slightly 
once the balloon is deflated. The percentage change in 
deployed stent diameter due to recoil can be a s much as 
10%, and can cause migration ozf the stent. 

25 [0008] A self -expanding stent typically is made of a 
more or less elastically expanding structure, -which is 
affixed to the delivery .catheter by some exterxial means. 
For example, tlnis type of stent: is held in its 
constrained st^te by a deliver^^ sheath that is removed at 

30 the moment of stent deployment, so that the stent self- 
expands to its preferred expanded form. Some of these 
stents are mad^ of shape memory material with either 
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superelastic behavior or temperature sensitive triggering 
of the expansi-on function - 

[0009] A disadvantage of self -expanding stents is the 
need for the (delivery sheath, thus resulting zLn a larger 
5 delivery profile. The removal of the sheath also 

requires a sheath retraction mechanism, which has to be 

activated at tihe proximal end. 

[0010] Most balloon expandable and self expanding 
stents furthe^r have the disadvantage of that they 
10 experience larrge length changes during expanszion and 

exhibit a poor: hydrodynamic behavior because of the shape 
of the metal wires or struts . 

[0011] Still further" balloon expandable stents exhibit 
a positive sprring ra1:e, which means that furttier 

15 diametral expansion can only toe achieved by hd.gher 
balloon pressure. Moreover^ previously- known stents 
typically are constructed so that external fonrces, 
working on the stent in the rsdial direction, may cause 
bending ^forces on' the "struts of wires of the structure. 

20 [0012] For example, a unit cell of a Paliaaz-Schatz 
stent, . as prodluced by the Cordis division of ^Johnson & 
Johnson, or the ACT One Coronary stent, produced by 
Progressive Angioplasty Systems, Inc. have in their 
contracted delivery state a flat, rectangular shape and 

25 in their expanded condition a more or less diamond- shaped 
form with almost straight struts (Palmaz-Scha'tz) or more 
curved struts (ACT-One) . 

[0013] The shape of the unit cell of such stents is 
typically sytnmetrical with fouir struts each having the 
30 same cross section. In addition, the loading of the cell 
in the axial direction will t^^ically cause axi elastic or 
plastic deformation of all of the struts, res-ulting in an 
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elongation of the unit cell in the axial di-r action. 
These unit cells have a positive spring rate. For stents 
based uporx these unit cells, the stability against radial 
pressure is merely dependent on the bending- strength of 

5 the struts and their connections. 

[0014] In view of these drawbacks of previously known 
stents, it would be desiralole to provide a stent having 
minimal el-astic spring back upon being .compressed onto a 
balloon catheter. 

10 [0015] It also would be desirable to provide a stent 
having minimal recoil so that the stent reinains at its 
selected deployed diameter after expansion. 
[0016] It further would be desirable to provide a 
stent havi_ng a minimal length change during- deployment of 

15 the stent. 

[0017] It still further would be desirable to provide 
a stent thiat is not characterized by a posi_tive spring 
rate, so that achieving fu^rther expansion c3.oes not 
require continually increasing balloon pressure."" 

20 

Summary of the Invention 

[0018] In view of the foregoing, it is an object of 
the present invention to provide a stent having minimal 
elastic spring back upon being compressed onto a balloon 
25 catheter. 

[0019] It is also an object of the present invention 
to provide a stent ■ having minimal recoil so that the 
stent remains at its selected deployed diameter after 
expansion. 

30 [0,020] It is another object of the present invention 
to provide a stent having a minimal length change during 
deployment of the stent. 
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[0021] It is another: object of the present invention 

to provide a stent that, is not characteriized by a 
positive spring rate, so that achieving further expansion 
does not require continually increasing loalloon pressure, 
5 [0022] These and oth.er objects of the present 

invention are achieved by providing a stent comprising a 
unit ce]_l having a negative spring rate and a bistable 
function. In the context of the present invention^ the 
■ phrase ''^bistable function" means that th& unit cell has 

10 only two configurations in which it is stzable without thie 
need foor an external force to hold it- in that 'shape. In 
a preferrred embodiment the unit cell is formed using ati 
least two different segments, wherein a first segment is 
relatively rigid while a second segment is more flexible 

15 than the first segment. 

[0023] The first segment preferably comprises a 

sinusoidal shape and does not siibstantiaily change in 
shape. . The second segment is coupled to the first 
segment in such a way tliat the 'first segment inhibits 

20 deformation" of the second segment in one direction, Ttie 
second segment has only two stable positions, one in a 
contract:ed state and th.e other in a deployed state, 
[0024] In the contracted state, the second segment is 
held stable in a sinusoidal shape when a compressive 

25 force is applied against: the second segment in a 

direction toward the first segment. When a radially 
outward force is applied to the 'unit celi that is 
sufficient to displace the sinusoidal profile of the 
second segment, the second segment will touckle outward 

30 from the first segment to a deployed statie where it 

comprises a convex shape. When the second segment is in 
any other position between the contracted and deployed 
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states it is unstable, and will- return to either the 
contracted or cieployed state. 

[0025] The stent as a whole therefore is deployed when 
the radially oiatward force, e.g., provided by a balloon, 
5 ' overcomes . the rresistance of one or more second segments 
in one or more unit cells. The expansion of the second 
segments provic3.es radial expansion of the stent , as the 
first segments of the unit cell.s do not substan-tially 
change in size or shape. 

10 [0026] When a stent comprisi-ng the above-described 
unit cells is cieployed to a sel-ected deployed diameter, 
it reaches its maximum stabilitzy against radial pressure. 
This makes the construction strronger than prior stents 
because the seoond segments ma\/ withstand considerable 

15 radial forces i-n their stable ,r convex-shaped deployed 
states. 

[0027] Methods of actuating the apparatus of the 
present invent i_ on also are pro\7ided. 

20 Brief Descript3,on Of The Drawings 

[0028] Further features of tzhe invention, its nature 
and various advantages will be more apparent frrom the- 
accompanying dirawings and the following detailed 
description of the preferred embodiments^ in whiich: 

25 [0029] FIGS- lA-lB show the principle of a ]:>istable 
mechanism; 

[0030] FIG- 2 depicts the force-displacement 
characteristic of the mechanism of FIG. IB; 
[0031] FIG. 3 depicts a bistable unit cell i_n 
30 accordance witti the present in-srention; 

[0032] FIG. 4 depicts the force-displacement, 
characteristic of the mechanism of FIG. 3; 
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[0033] FDIGS. 5A-5B shows two adjacent uni-t cells in 
accordance with the present invention in contracted and 
deployed states, respectivel^y; 

10034] FIG. 6 shows a single circumferential ring of 
5 unit cells of a stent in a stable, fully col-lapsed 
conf igurat i on ; 

[0035] FZG. 7 shows the oircumf erential iring. of unit 
cells of FIG. 6 in a stable^ fully expanded 
configuration; 

10 [0036] FUGS. 8A-8B depictns features of a plurality of 
unit cells in accordance witih the present invention in 
contracted and deployed states ,r respectivel^j^; and 
[0037] FZGS, 9A-9B descr±.be' a preferred loethod of 
using a stent in accordance with the present invention. 

15 

Detailed Description Of The Invention 

[0038] Referring to FIG. 1, the operative principles 
of the stent: of the present invention are described. In 
FIG. lA, flexible rod' 20 having a length 'X dLs affixed" at' 

20 each end by external clairps 22. When flexilole rod 20 is 
compressed • along central axj_s A-A by a distance AL, it 
reaches its buckling stress and the central part of rod 
20 then willL bend out in a sidewards direction, either to 
position 24 or 26, as shown in FIG- IB. 

25 [003'9] Because the ends of rod 20 are held stable by 
external clamps 22, it is possible to move the central 
section of xod 20 between two stable positions 24 and 26. 
This movement is in a direction X that is perpendicular 
to central axis A-A of rod 20. All positions between 

30 stable posiiiions 24 and 26 are unstable. In FIG. IB, the 
central part of rod 20 must be displaced at least a 
distance Aac before the rod oan be transformed from stable 
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position. 24 to stable position 26. 
[0040] FIG.. 2 shows the force-displacement 
characteristics of rod 2 0 of FIG., IB. As rod 20 is moved 
from stable position 24, the force increases rapidly from 
5 zero to Fmax. At that moment rod 20 becomes unstable in 
a posit j_on between stable positions 24 arxd 2 6, for 
example, in the position depicted by the sinusoidal shape 
of rod 20 in FIG. IB. Aut this point, fuirther 
displacement in direction X requires less force because 

10 this sprring system has a. negative spring rate. The force 
even beoomes zero in the mid position ancS. further 
movement occurs automatically. As seen i^n FIG. 2, the 
system of FIG. IB is symmetrical and the force needed to 
move from lower positiorx 26 back to upper? position 24 has 

15 the same characteristic. 

[0041] Referring to FIG- 3, unit cell 30 constructed 
in accorrdance with the present invention comprises first 
segment 32 and second segment 34 that is more flexible 
than fiirst segment 32. " First segment 32 functions as a "^'-^ 

20 relatively rigid clamp, like clamps 22 in FIG. IB. First: 
segment 32 comprises a sinusoidal shape tihat does not 
substantially deform. In contrast, secorid segment 34 
acts as a flexible rod, like rod 20 of FUG. IB. Second 
segment 34 is coupled to first segment 32 by first and 

25 second tiinges 31, which may be either plastic or elastic^ 
that are disposed at opposing ends of firrst • segment 32. 
[0042] Like rod 20 of FIG. LB, when thie ends of second 
segment 34 are held stah>le by hinges 31, it is possible 
to move the central section of second segment 34 between 

30 two stalDle positions 36 and 38 (shown in dotted line in 
FIG. 3) . The movement occurs in a directzion X that is 
perpendicular to central, axis A-A, and all positions 
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between stable posit ±bns 36 and 38 ar& unstable. Second 
segment 34 is held stable in lower position 38 because it 
adapts to the sinuso±dal profile of fi-rst segment 32 vczhen 
con?3r^ssed, and is clamped in that pos-ition by the 
5 con^jressive forces ejcerted by coupling each end of seoond 
segment 32 to hinges 31, 

[00433 With respect to FIG. 4, second segment 34 
displays an asymmetr±c f orce-displaceinent characteristiic. 
To initially displace second segment 3-4 from stable upper 

10 position 36 requires a compressive sta-rting force Fc. To 
displa.ce second segment 34 from stable lower position 38 
requirres deployment force Fd, which ma^y be less than force 
Fc. Deployment force Fd may be made as small as desired, 
even zero or negative, but needs to ha.ve a positive va.lue 

15 if lower position 38 is to be stable. 

[0044] The applica.tion of forces Fc and Fd serve to 
transform second segm.ent 34 between stable contracted and 
deployed states. The force required to transform second 
segment 34 between its two stable states defines the 

20 force— displacement characteristic of \xnit cell 30. As 

will be described heireinbelow, a stent having a plural-ity 
of un±t cells 30 may have different force-displacement 
characteristics for each individual urxit cell, to 
selectively deploy certain unit cells while others remain 

25" contracted. 

[00453 First segment 32 of FIG. 3 preferably has a 
larger cross-section' than second segment 34 so that it is 
more jrigid. Alternatively, instead o£ using segments of 
diffexrent cross-section, the two segments in each unit 

30 cell 30 may have the same cross-sections but exhibit 

different strengths or rigidity and still accomplish the 
.same effect. One way to obtain such ca.if ferences in 
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strength or ^rigidity would h& to use different materials 
for the segments. Another wsy would be to use the same 
material, suoh as a metal, for all the segments but 
selectively strengthen (e.g.,. by heat treating) first 

. 5 segment 32. 

[0046] It should be noted that heat treatncient will not 
strengthen all materials. Ni-tinol, for example, becomes 
more pliable as a result of taeat treatment. This 
property of Nitinol can be e^cploited, howeveir, to render 

10 one section of Nitinol more pliable relative to a second, 
non-heat^trested section of'KJitinol. 

[0047] There are several vjELys to manufactiare unit cell 
30 of a stent of the present invention. The device may 
be manuf actujced from an arramgement of wire or strip, 
15 welded together at specific places, e.g., hinges 31. 
AlternativelVf metal may be (deposited in the desired 
pattern onto a substrate or p>realloy powder may be 
sintered. Alternatively, th& device may comprises a 
-tubular mateirial, and a* pattern' of slits or slots "may be " 
2 0 made in the wall by means of etching, grinding, cutting 
(e.g., with a. laser, water, &tc. ) , spark erosion or any 
other suitable method. The pattern also may be made- 
formed as a flat plate and th-en welded, brazed or crimped 
to a more or less cylindrica]^ shape or a cyli.ndrical mid 

2 5 section with two conical ends of enlarged diameter. 

[0048] Matierials that may be used to construct a stent 
comprising unit cell 30 inclu_de polymers, composites, 
conventional metals and shapes memory alloys with 
superelastic behavior or with, temperature sensitive 

3 0 behavior^ or a combination of two or more of these 

materials. 
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[0049] With respect to FIG. 5, a preferred arrang^ement 
of two adjacent unit: cells in accordance with the present 
invention is described^ wherein horizontal line A-A d-s 
parallel to the centiral axis of a si:ent. A first und-t 
5 cell comprises first segment 50 and second segment 40 r 
while the second adjacent unit cell comprises second 
segment 42 and first segment 52. Second segments 40 and 
42 are more flexible than first segrments 50 and 52, 
respectively, and second segments 4 0 and 42 are coupILed 

10 to their respective first segments at hinges 46. 

[0050] These adjacent unit cells preferably are 
arranged so that seoond segments 4 0 and 42 are disposed 
between first segments 50 and 52, as shown in FIG. 5Z^. 
Second segments 40 and 42 preferably?' are connected b^^ 

15 joint 44 that is disposed near a m.i<ipoint of second 
segments 40 and 42. In FIG. 5A, the sinusoidal 
configurations of ri-gid first segmexits 50 and 52 ser"sre to 
hold flexible second segments 40 and 42 in stable;^ 
siniasoidally-shaped contracted state's. ' ~ 

20 [0051] Referring to FIG. 5B, the adjacent unit celLls 
of FIG. 5A are depicted in a stable deployed state. The 
unit cells preferably are deployed Iby applying unifojtrm' 
radially outward force Fd, e.g., by inflating a balloon, 
that is sufficient to overcome the ^resistance of second 

25 segments 40 and 42 dLn their stable, sinusoidal-shaped 
contracted states. Once force has overcome this 
resi-stance, second segments 40 and 42 will automatically 
snap into their respective stable, oonvex-shaped depHoyed 
posdLtions, as shown in FIG. 5B. 

30 [0052] FIG. 6 shows the general appearance of a 

circumferential ring of a tubular s-tent constructed dLn 
accordance with the present invention in its fully 
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contracted configuration. Ring 60 comprises a plurality 
of unit ceLls, each unit cell comprising second segment 
62 that is more flexible thtan first segment 64, First 
and second segments 64 and 62 are coupled t ogether by 
flexible h±nges 61, while a-djacent second segments are 
connected t>y joints 63. In. FIG. 7, circumferential ring 
70 of an illustrative stent is shown in a f Tally deployed 
state. Second segments 72 of ring 70 have i)een deployed 
and assume stable, convex shapes. Second segments 72 
.provide the radial expansion of ring 7 0, while first 
segments 74' substantially laaintain their original shapes. 
Hinges 71 of FIG. 7 couple first and second segments 74 
and 72, while joints 73 connect adjacent seoond segments 
72. 

[0053] Referring to FIGS . 8, stent 80 coanstructed of a 
series of tiiree circumf eren1:ial rings 60 is depicted, for 
illustrative purposes, flat-tened. In three— dimensions, 
stent 80 would extend circiomf erentially aboTJt central 
axis A- A to form an extended tubular -shape '"'similar to 
comprising a series of circumferential rings as depicted 
in FIGS. 6-7, such that segments 100 and 103 of stent 80 
are in effect the same segment. 

[0054] In FIG. 8A, stent 80 is illustrated in a 
contracted state. Stent 80 comprises first segments 100, 
101, 102 and 103, and further comprises second segments 
81, 82, 83, 84, 85 and 86 tliat are more flescible than 
first segments 100-103. Ftoost segments 100—103 
substantially maintain theiar original shape- There 
preferably are two second segments disposed between every 
two first segments, as depicted in FIG. 8A- Joints 92 
connect adjacent second segments, while hinges 93 connect 
first and second segments.' Joints 92 and hdLnges 93 are 
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disposed at approximately the same distance apart as -they 
longitudinally alternate along axis A— A. 
[0055] Stent 80 is contracted by applying a 
coiapjressive force Fc, e.g., the force applied by the 
5 fingers of a physician, as shown in FIG. 8A. . Compresrsive 
force Fc contracts sec:ond segments 81 and 82 into stable, 
sinusoidal shapes between first segmexats 100 and 101. 
Coitiprressive force Fc a.lso contracts second segments 83 and 
84 into stable, sinusoidal shapes bet-ween first segmeonts 
10 101 and 102, and further contracts seoond segments 8 5 and 
86 imto stable, sinusoidal shapes bet-ween first segments 
102 and 103. 

[005S] The resistive force that second segments 81 — 86 
proTxde in their stable, sinusoidal-slnaped contracted 
15 state may be overcome by radially outward force Fd, whiich 
■ is perpendicular to axis A-A, as shown in FIG. 8B. 

Secon-d segments 81-86 snap from their contracted states 
to stable, convex- shaped deployed stai:es when force F^ is 
applied, ^s shown in ETG." 8B. ' - 
20 [0057] Referring now to FIGS. 9, an exemplary method 
of using stent 80 of H'IGS. 8A-8B is described- In FIGS. 
9A-9B, it should be noted that stent 80 is illustrat lively 
depicted from a side view as having a preferred geomeiiry ' 
and thickness, whereas the same stent in FIGS*. 8A-8B was 
25 depicted as flattened for illustrative purposes. 

[0058] . In a first method step shown in FIG. 9A, st^nt 
80 is compressed onto balloon 122 of conventional balJ.oon 
catheter 120, e.g., by applying a .compressive force 
manually. Catheter 120 is inserted into a patient's 
30 vessel, preferably over guidewire 124, and a distal 

region of catheter 12 O having balloon 122 is positioned 
withi-n treatment vessel V. The distalL region of catheter 
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120 preferably is positioned under fluoroscopy using at 
least one radiopaque marker band (not shown) disposed on 
the distal region of catheter 120. 

[0059] When catheter 120 Is properly positioned, e.g., 
5 within stenosed region S, balloon 122 is inflated to 
cause one or more second segments 81-86 to deploy to a 
convex shape bowed away froia first segments 3-00-103, as 
shown in FIG- 9B. Specif icaJlly, balloon 122 provides a 
radially outward force, descxibed hereinabove with 

10 respect to FZG. 8B, that ovexcomes the resistive force 
provided by one or more second segments 81-8S in the 
contracted state. Having flexible second segments 81-86 
snap into expanded stable positions provides a stent with 
an extremely rigid surface at all diameters that is able 

15 to better withstand external forces than prev^iously known 
• stents . 

[0060] The flexibility of stent 80 may be increased by 
■ disconnecting several unit cells from their neighbor unit 

cells, f or- example, by - cuttirjg -the center of - one or *more 

20 hinges 93. .Another way to increase flexibili-ty is to 
change the geometry of varioxis segments withi_n selected 
unit cells along axis A-A. Zn other words, r^eferring to 
FIG. 8B, one or more second segments 81-86 could be 
constructed with larger and smaller diameter (or 

25 otherwise flexible and rigid) segments that a-lternate 

after each hinge 93. In addition, varying thte properties 
of second segments 81-8 6 in- one or more selected unit 
cells, e.g., increasing or decreasing the deployment 
force for specific unit cells, stent 80 may fc>e made 

30 capable of attaining different diameters in the deployed 
state, depenciing on the amount and location of unit cells 
that are transformed to the deployed state. 
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[0061] Stent 80 may achieve a range of diameters by- 
deploying selected un±t cells in a stepwise fashion. In 
one scenario, the diameter of stent 80 may be increased • 
incrementally by varying the properties of second 
5 segments 81-86 to cause some rows of thie stent to expand 
prefer* entially before other rows. For example, as 
balloon 122 is inflated at a relatively?- low balloon 
pressu.re, only unit cells in the row q-E second segment 81 
will deploy. Then^ as balloon 122 further is inflated., 

10 . only tbose unit cells in the row of seoond segment 82 juay 
deploy for a somewhat higher balloon prressure, and so 
forth;, until the desiired number of rows have been 
deployed to achieve the desired stent ciiameter. In th.is 
manner-, stent 80 may loe suitable for use in a wide ranige 

15 of vessels- 

[00-62] Fur the more,, stent 80 may coinprise different 

external diameters along its length to conform to 
particular cavities. This is achieved by varying the 
pr'operrties' ofsecond segments"Br-86 a"long'^^ A- 

20 A of stent 80. For escample, hinges 93 may be used to 
divide stent 80 into a plurality of distinct sections, 
e.g., first end 110, second end 114 and intermediate 
section 112. The unit cells within firrst end 110 
coiapri_se second segments 81 and 82 that: exhibit a first 

25 force— displacement characteristic. Tho unit cells wituhin 
second' end 114 may comprise second segments 85 and 86 
that exhibit second force-displacement characteristics , 
while the unit cells within intermediatie section 112 
comprdLse second segments 83 and 84 hav±ng yet differerrt 

30- force— displacement characteristics. 

[00633 The f orce-d±splacement characteristics of ea.ch 
unit oell may be tailored, for example^ such that second 
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segments 81 and 82 may easily deploy with little balloon 
pressure, while second segments 83-86 do not cdeploy for 
such balloon pressure. This provides stent 80 having a 
deployed first: end 110 and comtracted intermeciiate 
5 section 112 and second end 114 . To provide a 

progressively smaller stents second segment 83 may be 
configured to deploy within intermediate section 112 
while second segment 84 is not configured to cdeploy when 
the same force is applied- Thiis provides partial 

10 deployment wi-thin intermediate section 112 anci provides 
an intermediat:e diameter. Alternatively,, all unit cells 
within first end 110 and second end 114 may be deployed 
*while unit cells within intermediate section 112 remain 
partially or fully contracted to provide a generally 

15 hourglass-shaped stent along axis A-A, 

[0064] The above examples ciescribe a few variations in 
stent configuxations by varying the force-displacement 
characteristics of individual unit cells. The present 
invention is ahte'fided to" covet " the humefbus other stent ■ 

2 0 configurations that can be attained when the mnit cells 
selectively deploy as particuLar forces are applied. 
[0065] Additionally,, the ov-erall stent diameter in the 
deployed state further may be varied by providing first 
and second segments having di£"f erent lengths, because 

2 5 relatively long second segments may bow away from their 

respective fixst segments a greater distance than smaller 
second segments. Also, stent characteristics may be 
varied when certain sections of the stent comprise a 
.different numloer of unit cells relative to othier 

3 0 sections. 
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Claims : 



1. A stent oomprising a plurality of unit 
cells / each unit cell cpmprisihg a first segment having 
proximal and distal ends and a substantially sinusoidal 
shape, and a second segraent having proxijciial and distal 
ends, the proximal end of the first segiaent coupled to 
the proximal end of the second segment, -the distal end ojE 
the first segment coupled to the distal ^nd of the seconcS. 
segment, the second segment being more flexible than the 
first segment, wherein tlie unit cell has a stable 
contracted- state in whicjh the second segment 

subs tant:i ally confonns to the sinusoidal shape of the 
first segment," and a deployed state in wGhich the second 
segment has a convex shape bowed away from the first 
segment . 

2. The stent of claim 1 wherein the second 
segment of each unit cell is coupled to -fche first segment 
SO' that the * first "^segment inhibits defor£riation of the-- " 
second segment in the contracted state. 

3 . The stent of claim 1 or 2 wherein the 
second segment of each ujait cell is stable only in the 
contracted and deployed states. 

4. The stent of claim 1, 2 ooc 3 wherein the 
first segment of each unit cell is substantially rigid. 

5. The stent of claim 1, 2, 3 or 4 wherein 
the first segment of eacli unit cell comparises a larger 
cross-sectional area than the second segment. 
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6. The stent of clarLm 1, 2, 3, 4 or 5 wherein 
, the first and second segments o± each unit cell are 

manufactured using different materials. 

7. The stent of any one of claims 1 to 6 
wherein the proximal and distal ends of the first and 
second segments of each unit cell are coupled together by 
hinges. 

8. The stent of clai-m 7 wherein the hinges of 
each unit cell are elastic hinges. 

9. The stent of claLm 7 .wherein the hinges of 
each unit cell are plastic hinges. 

10. The stent of any one of claims 1 to 9 
wherein the unit cells are transformed from the 
contracted state to the deployed, state by application of 

a uniform^ radially outwardly directed 'force- to* SLn ' 

interior surface of the stent. 

11. The stent of any one of claims 1 to 10 
where a first sxibset of the plurality of unit cells has a 
second segment with a first cross -sectional area and a 
second subset of the plurality o± unit cells has a second 
segment with a second cross-sectiional area. 

12. a?he stent of any one of claims 1 i:o 11 
wherein the plurality of unit ceD.ls are arranged in a 
longitudinally arranged series o±. circumf erentialL rings. 

13. The stent of any one of claims 1 -to 12 
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wherein the stent is capable of attaining different outer 
diameters depending on the amoiint and ILocation of unit 
cells that are transfoancied to the deployed state. 

14. The stent of any one of claims 1 to 13 
wherein the -unit cells are designed ancd arranged to 
provide a range of diameters for the stent in a stepwis e 
fashion, 

15 . The sterLt of claim 14 wherein the stent 
has arL initial diameter^ at a first end^ a final diaiaetear 
at a second end, and at least one inteirmediate diameter 
between the first and second ends, the intermediate 
diameter differing from the initial anc3. final diameters • 

16. The stertt of claim 15 whierein the initial! 
and final diameters are the same, 

- -17; The sterLt of •'aE?y -one- of claims- 12 to IS- ~ - ■ 

wherein within a circumferential ring, a first subset o± 
unit cells has a differ^ent force-displacement 
characteristic than a second subset of the plurality of 
unit cells. 

18. The stent of any one of claims 1 to 17 
wherein the second segment of each unit cell is coupled 
to the second segment of an adjacent c&ll. 

19 . The stent: of claim 18 whuerein the second 
segment of each unit cell is coupled to the second 
segment of an adjacent cell by a joint disposed near a 
midpoint of the second segments. 
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20 . The stent of any one of claims 1 to 19 
wherein the stent is made farom a polymer, a m^tal, a 
conrposite, a shape memory material with superelastic 
behavior, a shape memoiry material with temperature 
sensitive behavior, or a comlbination of two ozr more of 
these materials, 

21 . A method for deploying a stent having two 
substantially stable states, the method comprdLsing: 

providing a stent comprising a plurality of 
unit cells in a contracted state, wherein eacti unit cell 
comprises a irst segment having proximal and distal ends 
and a siibstantially sinusoidal shape, and a second 
segment having a proximal -encd that is coupled to the 
proximal end of the first segment and a distal end that 
is coupled to the distal end of the first segncient, the 
second segment being more flexible than the first 
'Segment, wheirein the second segment substantieLlIy" 
conforms to the sinusoidal shape of the first segment in 
the contracted state; and 

depiloying at least one of the unit cells of the 
stent by causing the second segment of the uni-t cell to 
deploy to a convex shape bowed away from the JEirst 
segment of the unit cell. 

22 - The method of claim 21 wherein the stent 
is provided in the contractec3 state by compressing the 
stent onto a balloon of a balloon catheter. 



23 - The method of claim 22 wherein at least 
one unit cell is deployed by applying a radially outward 
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force by inflating th.e balloon. 

24. The method of claim 21, 22 or 23 wherei^i 
unit cells of the stent are deployed in a stepwise 
fashion. 



25. The method of claim 21, 22, 23 or 24 
wherein the number of iinit cells, that are deployed is 
propoxtionate to a radially outward foarce that is applied 
to the stent. 

26. The method of any one ojE claims 21 to 2S 
wherein unit cells are selectively deployed by providiaag 
secon<d segments haviiiQ- varying diameteirs • 

27. The method of any one o£ claims 21 to 2 € 
where±n the diameter of the stent in a deployed state zLs 
varieci by varying lenQ'ths of first and second segments of 
a, unit cell. — ■ 

28. The method of any one o£ claims 21 to 2^7 
wherein the diameter of the stent in a deployed state d-s 
varied by varying the number of unit cells that are 
provided in the contracted state. 
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